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HISTORICAL

In the middle of June, 1916, announcement was made of a group
of cases of infantile paralysis in Brooklyn, New York.1 During the
summer the disease assumed the proportions of a great epidemic
which, in its severity and extent of territory involved, is probably
unprecedented. There were 24,000 cases in the United States.2 About
one-half of these were reported in the state of New York. In New
Jersey, Connecticut, Massachusetts, Minnesota, Delaware, Rhode
Island and Pennsylvania, the epidemic was also extensive. In four
states, no cases were reported. These were Nevada, New Mexico,
Georgia and California.3

EPIDEMIOLOGY

The epidemiologic characteristics of this disease have been the sub-
ject of numerous reports, the sum of which not only conflict with the
conception of the disease presented from an experimental aspect, but
do not harmonize with generally accepted ideas regarding other
infectious diseases.

Various observers have differed regarding its mode of transmission,
some favoring the human contact theory, others favoring the "place
infection" theory, thereby incriminating the food supply, domestic
animals, insects or other local environmental factors in the transmis¬
sion of poliomyelitis.

Frost4 summarizes these data. Epidemics offer unexplainable
irregularities in their geographic distribution. While most available
data suggest that the disease distributes itself from place to place along
avenues of public travel, there are notable exceptions. The epidemic
which occurred in New York City in 1907 did not extend to Phila-
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delphia despite its close communication. In 1910, a severe epidemic
occurred in Washington, D. C, and a smaller outbreak in Philadelphia,
while Baltimore, lying between these two cities, escaped with only a

few cases. Such instances lend support to the theory of infection by
other factors than the human carrier, such as an infection of local
water or food supply, or one carried by insects or domestic animals.
On the other hand, the rapid extension of the disease along foci radiat¬
ing from the original source of infection is in favor of the "human
traffic" idea, rather than that of "place infection." This irregularity
of distribution finds an analogy in the transmission of cerebrospinal
meningitis, a disease which appears to be directly contagious. The
maximum prevalence of the disease in the summer is a rather constant
characteristic which has been used as an argument against its being
carried by contact infection, since in this respect it is unlike the other
contagious diseases, so carried, whose maximum prevalence is in the
winter months. On the other hand, Frost states that "cases have
occurred during the last few years in every month of the year." This
constant presence of the disease disproves the hypothesis that a new

epidemic may be ascribed to the introduction of a new infection.
The small total incidence of the disease has been a puzzling feature

in its study. It has been further observed that in such an affected
locality, the epidemic will not likely recur for at least two years.

In rural communities the incidence of the disease has been greater
than in thickly settled centers, which occurrence is quite in contrast to
such diseases as measles and scarlet fever.

Hygienic conditions, which generally bear a relationship to the inci¬
dence of an infectious disease, do not seem to play a very important
rôle in the occurrence of poliomyelitis, as cases have occurred in the
best hygienic surroundings.

The most striking constant about the occurrence of the disease has
been its great frequency in very young children, among whom the dis¬
ease is fifty times more prevalent than among young adults. This
greater incidence among young children has been used as an argument
favoring various modes of infection. That children use milk more

generally than adults, that they wear scantier clothing, that they are

less cleanly, that they are more frequently in contact with street dust,
have all been used to lend support to the respective theories incriminat¬
ing the milk supply, insects, lack of hygienic surroundings, or street
dust as factors in the spread of poliomyelitis. None of these hypotheses
is supported by epidemiologic evidence. Neither is this enormous dif¬
ference explained on the basis of a greater exposure, for by analogy
with other communicable diseases, such an argument cannot be sup¬
ported. It can only be assumed that children are more susceptible.
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The paralytic diseases which are said to occur among domestic
animals simultaneously with epidemics of poliomyelitis, have neither
proved to be examples of poliomyelitis, nor have they been noted in
greater frequency during the prevalence of an epidemic.

While weather conditions have been suggested as supporting the
hypothesis of a deficient rainfall having a direct bearing on the cause

of an epidemic, experience has not confirmed the point of view. An
epidemic may be declining and developing in closely approximated
communities under similar météorologie conditions.

The evidence regarding the contagiousness of the disease is very
conflicting, as only a small percentage of patients give a history of
contact with other infected persons. To explain the discrepancies
between known contacts and instances of the disease, the existence
of healthy carriers must be assumed. That such carriers exist has been
proved experimentally by Flexner5 and others.6 The difficulties of
artificially cultivating the organism which produces the disease makes
impossible the routine recognition of such carriers. Recovered patients
may also constitute carriers of the infectious agent.7

A third group, the one which in the opinion of all observers plays
the most important part in the unexplainable transmission of the dis¬
ease, is the group of so-called "abortive" cases, many of which pass
undiagnosed. Irrespective of the type of the disease, the infectious
agent, or virus is present on the mucous membranes of the nose and
throat and intestines.8 These parts of the body not only act as points
of exit for the virus, but it has been shown by Flexner and his
co-workers that the infection atrium is by the nose and throat. Multi¬
plying there, the virus is readily distributed "by coughing, sneezing,
kissing and by means of fingers and articles contaminated with these
secretions." The virus is, moreover, resistant to high temperature and
drying, so that when it is thrown off from the body, the dried secre¬

tions may, in the form of dust, constitute a potential source of infec¬
tion. Regarding the conveyance of the disease by insects, "neither
mosquitoes nor lice seem able to take the virus from the blood of
infected monkeys." The domestic fly may conceivably act as a mechan¬
ical carrier by coming in contact with infective secretions. Flexner
considers reported simultaneous instances of paralysis among domestic
animals as pure coincidences, since all such instances have never

proved, on proper examination, to be poliomyelitis.9
5. Flexner, S.: Jour. Am. Med. Assn., 1916, 67, 279.
6. Lucas, W. P., and Osgood, R. B.: Jour. Am. Med. Assn., 1913, 60, 611;

quoted in Jour. Am. Med. Assn., 1916, 67, 118.
7. Flexner, S.: AM. JOUR. Dis. CHILD., 1915, 9, 353.
8. Sawyer, W. A.: Am. Jour. Trop. Dis. and Prev. Med., 1915, 3, 164. See

also Footnote 5.
9. Flexner, S., and Clark, P. F.: Jour. Exper. Med., 1913, 17, 577.
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The fluctuations in the severity of an epidemic, Flexner10 explains
as analogous with the fluctuation in the infectiousness of the micro¬
organism on passage through several generations of animals, plus the
variation in individual susceptibility.

Lavinder11 notes that all epidemiologic studies relative to the dis¬
ease have been directed toward either proving or disproving Wickman's
hypothesis that poliomyelitis is a contact disease. While receiving the
qualified approval of both epidemiologic and experimental studies,
several inconsistencies make further research necessary. These incon¬
sistencies and the fact that healthy carriers and "missed" cases con¬

stitute the greatest source of transmitting the disease, make the control
of the disease very difficult.

Fronczak12 concludes that "there must be other sources of infec¬
tion than those now known." Of the cases studied in Buffalo in 1912,
only 18 per cent, of the patients gave any history of contact with a

previously known case. Dividing the city wards into two groups, one-
half containing those with the smallest population, "it was found that
where the proportion of cases was the lowest, the average density was

twice as great."
Emerson13 notes a similar occurrence in regard to the comparative

prevalence in various parts of greater New York. In the Boroughs of
Queens and Richmond, where the congestion was least, there were

more cases in proportion to the population. Other experiences, how¬
ever, emphasize the rôle played by the human carrier. The experience
of the children isolated in the institutions of New York City is par¬
ticularly noteworthy. In these institutions, housing a total of about
28,000 children, quarantine against visitors and new admissions was

ordered when the epidemic began. Only two cases of poliomyelitis
developed, "one child developing the disease on August 8, simultane¬
ously with the child of the engineer of the institution who lived out¬
side the grounds, his house, however, abutting the buildings of the
institution, and who had been in the habit of bringing in his child in
its carriage each day and keeping it in the garden near the power
house." The other case was not absolutely characteristic of poliomye¬
litis.

An experience which bears out the assumption that hygienic con¬

ditions play no rôle is related by Emerson :

Barren Island, situated in Jamaica Bay, is a place to which all the city gar¬
bage is brought by boat. All the city's dead animals, often two or three thousand
a day, are brought here ; it has no public water supply, no sewerage system, the

10. Flexner, S.; Clark, P. F., and Amoss, H. L.: Jour. Exper. Med., 1914,
19, 195.

11. Lavinder, C. H.: Arch. Pediat., 1916. 33, 847.
12. Fronczak, Francis E.: New York State Jour. Med., 1916, 16, 389.
13. Emerson, Haven: Bull. Johns Hopkins Hosp., 1917, 28, 131.
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houses have no cellars, no garbage collection, and the people have few garbage
cans, the household waste being thrown on the ground about the shanties. There
are 17,000 people on the island, 350 of them being children, but there was no

case of poliomyelitis on that island all summer. Smells, flies and insanitary con¬

ditions have prevailed, but because of its geographical position and the social
condition of its people, the island is more or less isolated.

Craster,14 reviewing the experiences of Newark in the recent epi¬
demic, concludes that poliomyelitis is carried from place to place by
human carriers. On no other basis can the spread of the disease in
Newark be explained. A few instances of paralysis in lower animals
which occurred during the epidemic proved not to be poliomyelitis.
The occurrence of 83.8 per cent, of the cases in children under 5 years
of age, and the apparent fluctuation of incidence with weather con¬

ditions, were the only outstanding features of the epidemic.
Kerley15 studied the possibilities of contact in the spread of the

disease. The instances selected were from an isolated community near

his home. In all the cases detailed Kerley determined either trans¬
mission by an infected person or by an innocent carrier.

Sheppard16 suggests that the term "contact infection" as used in
regard to poliomyelitis must include instances of direct or indirect
contact. The latter he refers to as the "social contact" factor. By
such inclusion, any object which had previously been in intimate touch
with an infected person would constitute a source of infection.

Murphy's17 experience with poliomyelitis in the Crow Reservation
upholds the contact theory. The persons affected all belonged to a

group that had visited an infected district. No other individuals but
those accounted for in this way developed the disease.

Richardson18 is still of the opinion that insects may play a part in
the transmission of the disease. According to his theory, rats are

previously infected, the disease then being transferred to man by the
agency of the flea.

Bodine19 discusses the possible etiologic relationship of certain
insects to the spread of poliomyelitis. The biennial occurrence of the
disease suggests the tick as a possible carrier; the mosquito comes

under suspicion by the seasonal prevalence of the disease. He refers
to Rosenau's early work on the stable-fly, which in geographic dis¬
tribution, its abundance under rural as well as urban conditions, cor¬

relates the incidence of poliomyelitis.
14. Craster, C. V.: Jour. Am. Med. Assn., 1917, 68, 1535.
15. Kerley, C. G.: Arch. Pediat., 1917, 34, 32.
16. Sheppard, P.: New York State Jour. Med., 1916, 16, 442.
17. Murphy, J. A.: Jour. Am. Med. Assn., 1916, 67, 1247.
18. Richardson, M. W.: Boston Med. and Surg. Jour., 1916, 175, 397.
19. Bodine, J. H.: Jour. Am. Med. Assn., 1916, 67, 1872.
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Dingman20 records the occurrence of an epidemic possibly milk-
borne. In three widely separated boarding houses, Dingman found
several instances of poliomyelitis. All of these patients had used the
milk from a particular dairy. This same dairy supplied three other
houses, in which no cases occurred. On investigation, Dingman found
that the residents of the last three always boiled their milk, while those
of the first three used the milk raw. At the home of the dairyman
there had been a case of illness in a 4-year-old boy which had been
undiagnosed. The boy showed a beginning paralysis of his right leg.
In the same frame dwelling, another child had been acutely ill, and at
the time of observation was walking about, "dragging one foot as he
walked." The cases mentioned were the only ones which had developed
up to that time and for some weeks later in this locality.

The committee of the American Public Health Association con¬

cludes from a study of the disease that infection may be directly spread
from person to person. They believe that the apparent inconsistencies
which occur in tracing individual cases are explained by the lack of
means for detecting mild cases, and by the possibility that such cases

and healthy carriers are more numerous than frankly paralyzed cases.

It is said :

Many facts, such as the seasonal incidence and rural prevalence of the dis¬
ease, have seemed to indicate that some insect or animal host, as yet unrecog¬
nized, may be a necessary factor in the spread of poliomyelitis, but specific evi¬
dence to this effect is lacking, and the weight of present opinion inclines to the
view that poliomyelitis is exclusively a human disease and is spread by personal
contact, whatever other causes may be found to contribute to its spread. In
personal contact we mean to include all the usual opportunities, direct or indi¬
rect, immediate or intermediate, for the transference of body discharges from
person to person, having in mind as a possibility that the infection may occur
through contaminated food.

BACTERIOLOGY

In 1913, Flexner and Noguchi21 reported the successful cultivation
of a minute, filtrable micro-organism from cases of poliomyelitis.
This was accomplished by inoculating tall tubes of human ascitic fluid
containing sterile rabbit tissue, under anaerobic conditions, with pieces
of nervous tissue obtained from poliomyelitic sources. These micro¬
organisms were described as minute, "globoid bodies measuring from
0.15 to 0.3 micron in diameter, and arranged in pairs, chains and
masses, according to the conditions of growth and multiplication." No
gas or acid was produced when various sugars and alcohols were

added. The micro-organism behaved in a variable way toward the
gram stain. Among its other properties were resistance to freezing,

20. Dingman, J. C.: New York State Jour. Med., 1916, 16, 589.
21. Flexner, S., and Noguchi, H.: Jour. Exper. Med., 1913, 18, 461.
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phenolization and glycerolation.22 Growth occurred slowly, and was

best demonstrated about the sixth or seventh day. With these cultures,
poliomyelitis was reproduced and the organisms again recovered from
the infected animals

—

thus fulfilling Koch's classical requirements.
In succeeding publications on the etiologic relationship of this

micro-organism to poliomyelitis, Flexner and his associates reported
the cultivation of the same micro-organism from the blood of infected
monkeys23 and otherwise added much to our knowledge of the patho-
genesis of this disease.24

It was therefore with much surprise to the students of this disease
that reports were published by several independent investigators,
recording the isolation of a peculiar polymorphous streptococcuslike
organism from numerous cases of epidemic poliomyelitis. This organ¬
ism was isolated from the tissues of the central nervous system in nine
of ten cases studied by Mathers.25 In five instances the organism was

obtained after death from the cerebrospinal fluid, and in one of two
cases examined, in the mesenteric lymph nodes and kidneys.

Rosenow26 has not only cultivated the organism from the brain and
cord in every instance of twelve cases of poliomyelitis, but obtained the
identical organism from the tonsils in a large series of patients with
this disease.

Nuzum,27 working independently of these investigators, contributes
similar results. Later, Nuzum28 also reported successful growth of the
identical organism from the cerebrospinal fluid in forty of fifty fluids
examined.

All of these investigators were, moreover, successful in reproducing
the disease by injection of their cultures into rabbits and monkeys.
Rosenow and his co-workers report successful results with guinea-pigs,
cats and dogs; Nuzum and Herzog with lambs, all of which animals
have heretofore been regarded as insusceptible to the disease.

The micro-organism obtained by these various investigators resem¬

bles in several respects the globoid bodies described by Flexner and
Noguchi. Thus, it is resistant to glycerolation, passes through a Berke-
feld filter and is neurotropic. Morphologically, a tendency to extreme
irregularities was noted.

22. Flexner, S., and Amoss, H. L.: Jour. Exper. Med., 1917, 25, 539.
23. Amoss, H. L.: Jour. Exper. Med., 1914, 19, 212.
24. Flexner, S., et al.: Jour. Exper. Med., 1913-1917, 18-25, inclusive.
25. Mathers, George: Jour. Am. Med. Assn., 1916, 67, 1019; Jour. Infect.

Dis., 1917, 20, 113.
26. Rosenow, E. C.; Towne, E. B., and Wheeler, G. W.: Jour. Am. Med.

Assn., 1916, 67, 1202.
27. Nuzum, J. W., and Herzog, M.: Jour. Am. Med. Assn., 1916, 67, 1205.
28. Nuzum, J. W.: Jour. Am. Med. Assn., 1916, 67, 1437
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Depending on variations in artificial cultivation, the micro-organism
appears to grow large or small. "The larger forms," according to

Rosenow, "tend to grow smaller, so that frequently at the end of
twelve or fourteen days, nothing but the tiny globoid bodies, single, in
pairs, chains and clumps could be found in the same tubes. After about
three weeks, the organism became both larger and smaller; the small
forms get beyond the limit of visibility, and nothing but rather large
oval cocci staining a pinkish tint with the Giemsa stain are seen." The
globoid bodies, Rosenow concludes, are the form which this polymor¬
phous streptococcus assumes under anaerobic conditions.

Rosenow and Towne,29 in a more recent study, assert that the
globoid bodies which Flexner and his associates have considered to be
the cause of poliomyelitis are produced by fission of the diplococcus
recently isolated.

Rosenow, Towne and Wheeler30 record an experiment indicating
the protection of a monkey against ordinary poliomyelitic virus by the
injection of their organism (under conditions which apparently exclude
the possibility of any of the globoid bodies being present).

The Rockefeller workers are unwilling to concede that the micro¬
organism described by these various investigators bears any causal
relationship to poliomyelitis.31

Amoss,32 in a renewed study of the globoid bodies, contends that
"while a variety of ordinary bacteria has been obtained by various
workers, the globoid bodies represent a peculiar species, and thus far
alone have sufficed to produce typical poliomyelitis in monkeys by intra-
cerebral inoculation."

Bull33 insists that the organism described by these various investi¬
gators is a streptococcus and that the lesions experimentally produced
by its injection are in no way identical with those seen in poliomyelitis.
These conclusions he reaches from an experimental study of the
inoculation of several species of laboratory animals with cultures of
ordinary streptococci and with cultures of streptococci obtained from
poliomyelitic sources. Some of the animals developed meningitis with
metastatic lesions elsewhere, referable to the streptococcus. "No dis¬
tinction in the character or frequency of the lesions could be deter¬
mined between the streptococci derived from poliomyelitic patients
and from other sources."

29. Rosenow, E. C., and Towne, E. B.: Jour. Med. Research, 1917, 36, 175.
30. Rosenow, E. C.; Towne, E. B., and Wheeler, G. W.: Jour. Am. Med.

Assn., 1917, 68, 280.
31. Editorial: Jour. Am. Med. Assn., 1917, 68, 1122.
32. Amoss, H. L.: Jour. Exper. Med., 1917, 25, 545.
33. Bull, C. G.: Jour. Exper. Med., 1917, 25, 557.
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Milton J. Rosenau34 succeeded in transferring the poliomyelitic
virus (using ordinary virus) from rabbit to rabbit through eight suc¬

cessive generations. He obtained positive results in twenty-two out
of fifty-four inoculated in various ways. He found that young rabbits
were more susceptible to the infection than older ones. Rosenau
observes that "the lesions while definite and consistent throughout the
series, lack the distinctive features of the pathologic picture of polio¬
myelitis in man and the monkey."

Gauss35 confirms Nuzum's findings of a micro-organism in the
cerebrospinal fluid of patients with poliomyelitis. As controls, Gauss
cultured the cerebrospinal fluid obtained from fifty patients having
"scarlet fever and associated exanthems," but in none of these did he
obtain the organism mentioned.

Abramson36 states that in the recent epidemic in New York, the
Health Department laboratories there "cultured upward of 1,200 fluids
from patients with acute poliomyelitis in all stages of the disease. The
medium used was 1 per cent, glucose ascites agar under aerobic con¬

ditions. Except for a few evident contaminations, cultures remained
sterile."

Kolmer37 cultured various tissues obtained from cases of polio¬
myelitis. He isolated four varieties of bacteria, a streptococcus, a

diplococcus, diptheroids and gram-negative bacilli. He was unable to
produce paralysis by animal inoculation with the organisms isolated.

From specimens of brain and cord tissue taken from poliomyelitic
sources, Greeley38 cultivated a pleomorphic organism which he was

able to transmute from a streptococcuslike form to a bipolar bacillus.
Cats and rabbits were intravenously inoculated, the results varying
from "symptoms analogous to those described as cat distemper by the
veterinarians" to degrees of paralysis of various muscles.

Hektoen39 summarizes the status of the recent findings in regard
to their bearing on the etiology of poliomyelitis as follows :

The micrococcus recently found in poliomyelitis and in poliomyelitis monkey
virus appears to have many properties in common with the virus of the disease
and with the minute organism described by Flexner and Noguchi. Under the
conditions in which this minute organism was grown, the coccus appears to
grow much in the same way and to assume very minute forms ; the coccus

readily passes the filters commonly used in the study of poliomyelitis virus, but
the very important question, whether it will pass the finest filters that are said
to let the active agent in the virus go through, has not been detetrmined ; like the

34. Rosenau, Milton J., and Havens, L. C.: Jour. Exper. Med., 1916, 23, 461.
35. Gauss, H.: Jour. Am. Med. Assn., 1917, 68, 779.
36. Abramson, H. L.: Jour. Am. Med. Assn., 1917, 68, 546.
37. Kolmer, J. A.; Brown, C. P., and Freese, A. M.: Jour. Exper. Med., 1917,

25, 789.
38. Greeley, Horace: Med. Record, New York, 1917, 91, 56.
39. Hektoen, L.: Boston Med. and Surg. Jour., 1917, 176, 687.
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virus the coccus under certain conditions is strongly resistant to the prolonged
action of glycerol; in monkeys, injections of the coccus three to four culture
generations removed from the primary culture have produced conditions abso¬
lutely indistinguishable, clinically and anatomically, from the classical induced
poliomyelitis in this animal, but the possibility that what may prove to be the
true agent of poliomyelitis may be carried along with the coccus under such
conditions, must be considered ; in young rabbits the coccus causes a flaccid
paralysis and also other nervous symptoms, as well as lesions that correspond
almost completely to lesions regarded as distinctive of poliomyelitis; but the
crucial confirmation test of production of poliomyelitis in monkeys by inocula¬
tion of cultures or other materials from such rabbits is still largely lacking ; like
the active agent in poliomyelitis virus, the coccus, too, is strongly neurotrophic,
and in the human disease, as well as in the inoculated rabbit and monkey, it
locates with what seems a special preference in the central nervous tissues, in
microscopic preparations of which it is demonstrable without great difficulty
and from which it can be obtained in culture.

To conclude : The exact significance of this coccus in epidemic poliomyelitis
cannot be determined now. The number of cases studied for its presence is too
small to permit the conclusion that it occurs constantly in the disease or any
form of the disease; in the few instances in which injections of cultures have
resulted in a condition indistinguishable from what is accepted as poliomyelitis
in the monkey, the possibility that another and more important microbe may
have been present cannot be excluded ; the true poliomyelitic nature of the very
interesting lesion caused by the coccus in rabbits has not been confirmed by proper
tests on monkeys ; and we lack also the results of extended immunization experi¬
ments. In any event, a most interesting coccus has been found that merits
study for its own sake as well as on account of the close relation its brief history
bears to poliomyelitis.

SYMPTOMATOLOGY

According to Flexner,5 the incubation period of poliomyelitis "is
subject to wide limits of fluctuation. In certain instances it has been
as short as two days ; in others it has been two weeks or possibly even

longer. But the usual period does not exceed about eight days."
Neustaedter40 speaks of a case in which an incubation period of one

day was established. "It was in a physician's child and the father
brought the infection after staying in the house of a relative with a

poliomyelitis patient for thirty-six hours. Twenty-four hours after he
had arrived home, his child was stricken with fever, which lasted two

days. On the third day, the child's lower extremities became para¬
lyzed."

While Wickman's classification of eight types of poliomyelitis has
generally formed the basis of the presentation of the symptomatology
of poliomyelitis, the classification of Peabody, Draper and Dochez is
much simpler.41

These are:

1. The abortive group.
2. The cerebral group.
3. The bulbospinal group.
40. Neustaedter, M. N.: New York Med. Jour., 1916, 104, 145.
41. Bulletin, Dept. Health, City of New York, 1916, 5, 217.
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Ruhräh42 further subdivides the abortive group into five classes,
four of which are given by Wickman, as follows :

1. Those with a course of a general infection.
2. Those showing meningeal irritation.
3. Those with marked pains suggesting an influenza.
4. Those with gastro-intestinal disturbances.

To these he adds,
5. The anginal form, those beginning with a sore throat.
The classification suggests the extremely varied manifestations of

this disease. Many observers do not favor the use of the term "abor¬
tive" ; epidemiologists, on the ground that the term minimizes the equal
importance of this type in the transmission of the disease ; clinicians,
that poliomyelitis should in any of its forms be recognized as an acute
infectious disease, which may or may not be associated with paralysis.
Emerson suggests the terms preparalytic, nonparalytic and paralytic.

Draper43 makes a very interesting grouping of the disease, according
to its clinical course :

The first group, called the dromedary group, shows the curious phenomenon
of two different periods of illness with an interval of wellbeing. In the second
group this period of comparative wellbeing is not present, but there is a sus¬

tained period of indisposition of varying intensity. This is called the straggling
group. In the third group only do we have all signs pointing from the start to
meningeal and nervous involvement. This we called the sudden onset group.
A striking thing is that the second portion of the first two groups is very similar
to the whole course of the sudden onset group.

In the first two groups there develops a picture of general systemic infection
from which the child appears to recover completely, or in part, and then to
receive a second blow directly on the cerebrospinal tract. Because of the two
distinct groups or humps of symptoms, the analogy to the arrangement of the
dromedary's back was taken to express the type figuratively. The temperature
curve often shows two elevations, but the figure refers to all the signs and
symptoms of each group or hump, whether or not there is a rise of temperature
in both. The total duration of the combined phases may vary from a few hours
to many days, while the intensity of either phase, the systemic or the meningeal,
may touch the extreme of violence or such mildness as to escape detection. In
the systemic stage, or first hump, of a well-marked case the clinical picture is
that of almost all of the acute infections of childhood—a flushed, uncomfort¬
able, feverish child ; in the meningeal stage, or second hump, there are added
the special signs and symptoms of meningeal irritability. It becomes at once

obvious that the so-called "abortive" types are in all probability examples of the
disease in which the first stage or hump constitutes the entire course of the
malady, the meningeal stage either never occurring, or, if it does, in so slight
a form as to pass unrecognized. The term "abortive" consequently gives a

wrong impression, for the termination of the disease at the end of the systemic
phase is the more usual occurrence. It would be more correct to speak of acute
poliomyelitis, with or without paralysis.

42. Ruhr\l=a"\h,J.: Am. Jour. Med. Sc., 1917, 153, 178.
43. Draper, G.: Jour. Am. Med. Assn., 1917, 68, 1153.
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Draper interprets these periods in the cycle of poliomyelitis infec¬
tion as analogous with the primary lodgment of the virus in the spleen
and bone marrow and its subsequent entrance into the cerebrospinal
spaces, as illustrated experimentally in monkeys by Flexner and
Amoss.44 The first febrile period of the dromedary or straggling type
would correspond to the first part of this cycle, the second hump of
the dromedary type to the fixation of the virus in the central nervous
system. Draper further says :

Experiment has shown that the virus gains entrance with difficulty to the
central nervous system tissues of monkeys subjected to intravenous inoculation.
In human subjects the number of cases recognized as never giving the slightest
indication of central nervous system invasion is steadily growing with our
experience.

In families in which a frank paralysis case occurs, there are found so fre¬
quently other children who present persistently the same symptoms which the
paralyzed child has shown in the preliminary hump, that one is led to suppose
that these may be examples of infection in which no penetration of the men¬
inges occurred.

In the straggling group the same interpretation applies, the only difference
being that the individuals present a continuous course with a fusion of the
symptoms of the two stages. Sudden onset cases may be looked on as examples
of the malady in which the systemic stage has been overlooked because of its
triviality. In this group the spectacular and violent picture of meningeal dis¬
ease dominates and drives the memory of the slight preceding indisposition
from the mother's mind. It is difficult under these circumstances to get from
the family any history of the child being unwell during the preceding days.

All observers note the occurrence of fever as the most constant
initial symptom. Fischer45 states that the fever usually persists from
three to five days, though it may last from seven to fourteen days. In
severe forms, a sudden rise occurs, lasts about forty-eight hours and
declines by crisis. These is no characteristic febrile curve that is
pathognomonic of poliomyelitis.

Neustaedter40 considers "the paleness of nasopharyngeal mucosa

and its edema, accompanied in the early stage by a serous and frothy
transudate, as constant and pathognomonic of the earliest prodromal
stage."

Colliver4" gives a table of the early symptoms. He mentions :

1. Changes in disposition.
2. Fever and anorexia, with constipation or diarrhea.
3. Lack of coordination.
4. Hypersensitiveness of skin.
4. Drowsiness.
6. Pain.

44. Flexner, S., and Amoss, H. L.: Jour. Exper. Med., 1914, 20, 249.
45. Fischer, L.: Med. Rec., New York, 1917, 91, 52.
46. Colliver, J. A.: Arch. Pediat., 1917, 34, 263.
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7. Tremor of certain groups of muscles.
8. Hyperacusis in the bulbar cases.

Koplik47 reviews the clinical histories of the representative types
of the disease. He describes the so-called abortive type. This type
can be recognized so as to leave no doubt as to its distinct identity.

A child of 5 years is attacked with a headache, slight malaise and
an attack of vomiting lasting five days, intense pain in both lower
extremities radiating to the soles of the feet and worse at night, slight
pain in the nape of the neck, lassitude, cerebellar gait on walking,
increased reflexes in the lower extremities, and rectal temperature
above 100.5 F. In ten days the pains have disappeared the child is
well and wants to go out and play. The abortive cases present pro¬
dromes such as headache, weakness, diminished reflexes and pain in
the nape of the neck with or without vomiting and fever; still do not

present paralysis, and the patient recovers.
The spinal or bulbospinal type is the most common, and gives the

disease its name. Its symptoms are now well known and well defined.
Draper considers the "spine sign" as one of great value in early

diagnosis. This consists in an attempt to flex the spine forward. Any
such manipulation produces pain and is resisted by the patient.

Fischer48 considers Colliver's sign as one of the valuable prepara-
lytic evidences of the disease. This is "a peculiar twitching, tremulous
or convulsive movement. It usually affects a part or whole of one or

more limbs, the face or jaw. It may also affect the whole body."
Gordon49 calls particular attention to the examination of the reflexes

in the early diagnosis of suspicious cases. The patellar and achules
reflexes should be investigated. Even a diminution of these reflexes
should put one on guard for this disease, particularly during an

epidemic.
Sheffield50 notes the frequent onset of poliomyelitis with sore throat,

"the tonsils presenting either simple congestion or also small greyish-
white deposits." When such symptoms are associated with a palatal
paralysis, the picture of diphtheria may be closely simulated. The
early symptoms of the disease may suggest laryngeal diphtheria,51
appendicitis,62 bronchopneumonia,53 or may duplicate any meningeal
disease. While all observers agree that many cases occur which remain
undiagnosed, during an epidemic the diagnosis is apt to be made with-

47. Koplik, H.: Jour. Am. Med. Assn., 1916, 67, 310.
48. Fischer, L.: Med. Rec., New York, 1916, 90, 194.
49. Gordon, A.: New York Med. Jour., 1916, 104, 583.
50. Sheffield, H. B.: Med. Rec., New York, 1916, 90, 330.
51. Polozker, I. L.: Jour. Michigan Med. Soc., 1917, 16, 100.
52. Le Boutillier, T.: Am. Jour. Med. Sc., 1917, 153, 188.
53. Louria, L.: Arch. Pediat., 1916, 33, 853.
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out justification. Thus the Harvard Infantile Paralysis Commission54
report that of the 187 calls received, only 123 proved to be poliomye¬
litis. The remaining sixty-four instances embraced many diseases
(infectious diarrhea, gastro-enteritis, influenza, vaccination, hysteria,
tuberculosis, "mild digestive upsets," "nervousness"). Among this
group there were also four cases of meningitis

—

two of the epidemic
type, one tuberculous and one luetic.

Wilson55 classifies the prominent prodromal symptoms, based on a

study of 400 histories of patients with poliomyelitis admitted to the
Willard Parker Hospital. Fever was present as an initial symptom
in 334 cases. Only 2 per cent., on careful investigation, gave no his¬
tory of fever. Vomiting was an initial symptom in sixty-seven cases,
as an early symptom in 132 cases. "One hundred and fifty-six cases

gave a definite history of persistent constipation for two or more days,
resisting ordinary catharsis." Persistent drowsiness was noted in
72 per cent, of the cases. Other nervous symptoms observed were

irritability, hyperesthesia, tremor, delirium, convulsions. Profuse
sweating was noted in forty-five cases. This was usually out of pro¬
portion to the fever present. Wilson considers a careful history as

suggestive, particularly during an epidemic.
Neal and Dubois56 record two cases of poliomyelitis associated with

blindness. In one instance, sight was restored at the end of about
three months. The second instance was a more recent one in which
the blindness was still present at the time of their report.

No characteristic eye signs have occurred in poliomyelitis, accord¬
ing to Hansell.57 The eye complications varied considerably as one

would expect following such a generalized cerebrospinal infection.
It seems to be generally agreed that the examination of the cere¬

brospinal fluid in poliomyelitis offers the most useful single procedure
available in the early diagnosis of the disease.

Abramson58 mentions the usual findings as follows:
1. Fluid is increased and under pressure.
2. Fluid is clear as a rule, but may be opalescent.
3. Albumin and globulin increased.
4. Fehling's solution reduced in the majority of instances.
5. Cells increased.
6. The predominating cell type is the small, mononuclear, which

may constitute 90 per cent, of the cells present. In opalescent fluids
54. Report Harvard Infantile Paralysis Commission, Boston Med. and Surg.

Jour., 1917, 176, 637.
55. Wilson, May G.: AM. JOUR. Dis. CHILD., 1917, 13, 506.
56. Neal, J. B., and Dubois, P. L.: Am. Jour. Med. Sc., 1916, 152, 313.
57. Hansell, H. F.: AM. JOUR. Dis. CHILD., 1917, 13, 516.
58. Abramson, H. L.: Med. Rec.,New York, 1916, 90, 793.
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one may find the polynuclears increased, as high as 75 per cent.
Abramson has also noted the presence of glialike cells and endothelioid
cells.

Zingher59 thinks the cerebrospinal fluid quite characteristic even in
its early stages. He says :

There is an increase in the total number of cells, from twenty to 600 or more.
These cells are mostly lymphocytes, with a small proportion of large mononu-
clear and polynuclear cells. During the earliest stages of the disease there may
be a transient relative and absolute polynucleosis. There is an increased amount
of albumin, globulin and substance which reduces Fehling's solution. Often on
the surface of the spinal fluid, as it is being drawn into a test tube, a thin
filament of fibrin appears, which breaks up into small flakes when the fluid is
gently shaken.

Zingher describes what he terms a ground-glass appearance when
such fluids are viewed by transmitted light. The suggestion of ground
glass is due to the increased number of cells in the fluid. This appear¬
ance is not present in a fluid that has been standing several hours. The
same author speaks of a so-called "foam test." All spinal fluids when
shaken in a test tube create a foam, but that formed by shaking a test
tube half filled with spinal fluid from a poliomyelitic patient is much
denser and more persistent. Zingher warns against deductions with a

spinal fluid that is not absolutely free from blood.
Josephine B. Neal60 discusses the laboratory aids in the diagnosis

of poliomyelitis. Most evidence furnished by such procedures as are

available are of a corroborative nature and not absolutely diagnostic.
The neutralization test is too complicated. In this test, a mixture of
a fatal dose of an active virus with the suspected fluid, obtained during
the stage of recovery, is incubated and injected intracerebrally into a

monkey. Failure of the disease to develop indicates neutralization of
the virus. The examination of the cerebrospinal fluid helps differen¬
tiate from the early stages of meningitis and from meningismus. Large
monoculear cells, which may have some diagnostic significance, are

occasionally noted. "Two rare types of spinal fluids sometimes occur

in poliomyelitis when the hemorrhagic process has been more than
usually extensive. The first of these is of true hemorrhagic character,
the red blood cells being evenly diffused throughout the fluid. When
collected in successive tubes, the specimens are all homogeneous, show¬
ing no change in the intensity of the hemorrhage. This serves to dif¬
ferentiate it from bloody fluids obtained by the accidental puncture of
a vein. The second of these rarer fluids illustrates the so-called syn¬
drome of From. It has a characteristic yellow color and coagulates

59. Zingher, A.: Jour. Am. Med. Assn., 1917, 68, 817.
60. Neal, Josephine B.: New York Med. Jour., 1916, 104, 167.
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spontaneously." These fluids mentioned are not pathognomonic of
poliomyelitis.

In the diagnosis of poliomyelitis, Dubois61 considers the laboratory
more of value "by what it rules out." The important features are the
increased cell count, which may be "marked, moderate or slight," the
positive globulin and the reduction of Fehling's solution. Frequently
cells are so degenerated as to make differential classification difficult.

Among the examinations of cerebrospinal fluid made by the
Harvard Paralysis Commission54 there were thirty-one instances of
fluids from patients who were ultimately proven not to have poliomye¬
litis. In two instances the cell count was 12 and 15, respectively. In
all other instances the cell count was below 10. In the positive cases,
the count ranged from 34 to 1,980 per cubic millimeter.

Felton and Maxcy62 find the colloidal gold reaction an aid in the
laboratory diagnosis of poliomyelitis. The fluids were taken from
patients in various stages of the disease. "The gold chlorid curve given
in these cases is singularly constant and occurs in the so-called luetic
zone." After the subsidence of the acute illness the reaction may be
most prominent in the "meningitic zone."

Jeans and Johnson63 also applied the gold-chlorid test, with very
similar results, the reaction occurring in the lower dilutions. Even
when a reaction does take place in the middle or meningitic zone, it
will not be restricted to this particular zone, but also embrace the first
zone.

Hoyne and Cepelka64 record the leukocyte counts in thirty patients
with poliomyelitis. Leukocytosis was the rule and usually persisted
for at least two weeks.

PROGNOSIS

Prognosis is a hazardous venture, according to Abramson.58 Cases
which appear grave may clear in twenty-four to forty-eight hours and
present the most astonishing improvement. There are others which
appear mild, develop fulminating symptoms and the patients die in a

few hours. In adults, the disease seems more violent. Relapse occa¬

sionally occurs after a period of apparent improvement.
In Weisenburg's experience,65 "the mildest cases often developed

the severest infection, while a very sick child might have only limited
paralysis." The most fatal cases in his experience were those of the
so-called Landry type.

61. Du Bois, Phoebe: Arch. Pediat., 1916, 33, 856.
62. Felton, L. D., and Maxcy, K. F.: Jour. Am. Med. Assn., 1917, 68, 752.
63. Jeans, P. C., and Johnson, M. R.: AM. JOUR. DIS. CHILD., 1917, 13, 239.
64. Hoyne, A. L., and Cepelka, F. P.: Jour. Am. Med. Assn., 1916, 67, 666.
65. Weisenburg, T. H.: Jour. Am. Med. Assn., 1916, 67, 1872.
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La Fétra66 warns that one should be particularly cautious in giving
an absolutely good prognosis in cases of facial paralysis.

Ruhräh42 says that "the severity of the initial symptoms bear no

relation whatever to the course of the disease, as one sees a very mild
onset followed by most extensive paralysis and even death, and other
cases coming in a most fulminating manner which subsequently clear
up entirely."

The case mortality in this epidemic was much higher than that of
previous ones. In New York City, it reached 26.96 per cent. In New
York State, not including the city, it was 21 per cent.2 The younger
the child, the higher the mortality rate.

Partial statistics available at present give variable figures as to the
percentage that escape paralysis. The general impression exists that
there are a large number of such instances, which probably remain
undiagnosed. In one period of six weeks during the New York epi¬
demic, in an analysis of 2,053 cases of patients discharged from the
hospitals under the control of the New York Health Department,67 it
was stated that 66 per cent, showed some paralysis; 15 per cent, had
never had paralysis, and 15 per cent, showed a disappearance of pre¬
viously existing paralysis. The last figure will exhibit a proportionate
increase with the length of intervals following the acute infection.

Lovett and Martin68 have devised a spring balance test by which
the efficiency of any muscle or group of muscles may be measured and
expressed in percentages. With the patient in a certain standard
position, the test is performed by having the patient hold a position
against the pull of a spring balance. The resistance exerted represents
the muscular strength. By the use of this test these observers have
determined that the distribution of the paralysis is much more general
than has been ordinarily supposed; that cases of so-called abortive
paralysis are often cases in which the paralysis is of too mild a degree
to be detected by the usual methods of examination ; that the propor¬
tion of partially paralyzed to totally paralyzed muscles is about 9 to 1.
They also demonstrated that spontaneous improvement occurs for a

much longer period and to a greater degree than has generally been
thought possible.

Sayre69 and others doubt the significance of the reaction of degen¬
eration, since despite the presence of the reaction of degeneration,
muscles may regenerate.

66. La F\l=e'\tra,L. E.: Arch. Pediat., 1916, 33, 865.
67. Medical News: Jour. Am. Med. Assn., 1916, 67, 1236.
68. Lovett, R. W., and Martin, E. G.: Jour. Am. Med. Assn., 1916, 66, 729.

Lovett, R. W., and Martin, E. G.: Am. Jour. Orthop. Surg., 1916, 14, 415.
69. Sayre, R. H.: New York Med. Jour., 1916, 104, 1029.
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TREATMENT

Inasmuch as the epidemiologic knowledge of this disease is incom¬
plete, the prophylactic measures which are advised are such as apply
to other communicable diseases.

"Of first importance," says Emerson, "is the more general recog¬
nition by practitioners of nonparalytic cases through clinical observa¬
tion and laboratory procedures."

Emerson offers an outline of necessary administrative measures for
the control of the disease as follows :

1. The requirement that all recognized and suspected cases be
promptly reported.

2. Isolation of patients in screened premises. The duration of
infectivity being unknown, the period of isolation must necessarily be
arbitrary. Six weeks has been recommended by the Conference of
State and Territorial Health Officers with the Surgeon-General of the
Public Health Service as sufficient, and this period has been generally
accepted throughout the United States.

3. Disinfection of all body discharges.
4. Restriction of the movements of intimate associates of the

patient, so far as practicable. This should include at least exclusion
of the children of the family from schools and other gatherings.

5. Protection of children, so far as possible, from contact with other
children or with the general public during epidemics.

6. Observations of contacts for two weeks after the last exposure.
Interstate and intrastate quarantine regulations which at the height

of the 1916 epidemic in some instances bordered on the hysterical,
have now been placed on a uniform basis.70 In August, 1916, a special
conference of state and territorial health officers met with the United
States Public Health Service for the consideration of measures for
prevention of the spread of poliomyelitis. The transactions of this
conference are available in a Public Health Service publication.71

Since the nasopharynx is generally believed to be the point of entry
for the virus of poliomyelitis, Bryant72 recommends measures for the
routine treatment of the nasopharynx. The correction of any nasal
disturbance and the use of various antiseptic and astringent solutions
forms the basis of the treatment. Hydrogen peroxid, silver salts and
the salts of iron are among the local remedies advised.

Whittemore73 suggests the insufflation of the nose and throat with
kaolin as advised for diphtheria carriers by Hektoen and Rappaport.

70. U. S. Public Health Reports, Reprint 361.
71. U. S. Public Health Bull. 83.
72. Bryant, W. S.: New York Med. Jour., 1916, 104, 727.
73. Whittemore, W. S.: Boston Med. and Surg. Jour., 1916, 175, 231.
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Roper74 discusses the advisability of tonsillectomy, since Rosenow
claims that the tonsil may harbor the offending organism.

Emerson voices the opinion of many others in some remarks
regarding treatment. He says:

There is no specific treatment of established value in poliomyelitis. During
the persistence of the acute symptoms of the disease, the important principles
of treatment are rest in bed, symptomatic relief and passive support for the
prevention of deformities. Active measures during this stage are not only use¬

less, but are apt to cause serious and often permanent injury. Hospitalization
of patients where possible is to be encouraged. The best chances of recovery
from residual paralysis demand skilful after-care, often long continued, and
always under the direction of a physician familiar with the neurologic and
orthopedic principles of treatment. The provision of such after-care often
becomes a community problem, demanding the cooperation of all available
agencies, social and professional.

While lumbar puncture affords the best single therapeutic agent,
some cases showed good recoveries without any other than expectant
treatment. Many think that the good results reported by the use of
various intraspinal measures are in the main attributable to the lumbar
puncture per se.

SERUM THERAPY

Flexner and Lewis have shown that monkeys that recover from
poliomyelitis are immune to subsequent inoculation with the virus of
the disease. This was later shown to be due to the presence of neu¬

tralizing substances in the blood of such animals. It was also demon¬
strated that the blood serum of an individual that has recovered from
poliomyelitis possesses similar neutralizing principles. By utilizing
immune serums, Flexner and his co-workers were able to prevent the
occurrence of paralysis in infected monkeys. The application of this
measure in the treatment of epidemic poliomyelitis in man was first
made by Netter.75 He employed the serum of individuals who had
had the disease at some previous time—even as long as thirty years
previously.

Flexner76 discusses the application of this method. He says:

The dose of the serum, which must, of course, be sterile, but need not be
inactivated, should be determined by the age of the patient, and will, in part,
be determined by the quantity of serum available. Probably doses ranging
from 5 to 20 c.c. will be found suitable, the injection to be repeated several
times at twenty-four-hour intervals according to clinical conditions and indi¬
cations. The effects of the immune serum should be sought in the checking of
the progress of the disease, namely, the prevention or minimization of the
paralysis when employed in the preparalytic stages, and the arrest of its exten¬
sion when used in progressing paralytic conditions. Since the immunity sub-

74. Roper, J. C.: Med. Rec., New York, 1916, 91, 1139.
75. Netter, A.: Bull. de l'Acad. de m\l=e'\d.,Paris, 1915, 74, 403.
76. Flexner, S.: Jour. Am. Med. Assn., 1916, 67, 583.
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stances have been determined by neutralization tests to persist in the blood
for many years, it is probable, as Netter had indicated, that persons who have
passed through an attack of poliomyelitis many years earlier may be utilized
as sources of the serum ; reasoning from analogy, it would probably be advan¬
tageous to prefer persons whose attack was less remote so as to insure as high
concentration of the immunity bodies as possible. The conditions surrounding
the injection of the serum into the meninges are identical with those observed
in the analogous case of epidemic meningitis. Before each dose of serum is
injected a suitable quantity of the cerebrospinal fluid is to be withdrawn, and
the injections should be made slowly. In choosing the person who is to serve
as the source of blood from which the immune serum is to be derived, pre¬
caution should of course be taken to secure a healthy donor; it would be
advisable to fortify the usual clinical examination by a Wassermann test.

Zingher59 describes the methods of obtaining and preparing serum
from immune donors. He receives the blood in small square bottles
in quantities of 1 to 2 ounces; the bottles are slanted to allow larger
surface for clotting and separation of serum. The serum is centri-
fuged, and may then be preserved by the addition of 0.2 per cent,
trikresol solution. (This may increase the irritant effect of the serum.)
After standing in the icebox for forty-eight hours, a sediment which
forms on the addition of trikresol is removed and the serum is passed
through a Berkefeld filter and bottled. When these facilities are not
obtainable, the serum may be defibrinated and centrifuged, or the
serum separated in the usual way and used immediately. No inactiva-
tion of serum is necessary.

Zingher tabulates the results from the use of serums obtained from
individuals who had had the disease at intervals varying from a couple
of months to over thirty years previously. He did not observe any dif¬
ference in the results obtained. Indeed, Zingher considers it problem¬
atic whether such results as are obtained may not be due to the cellular
response created by the intraspinal injection of a protein, and therefore
not a specific one. Of fifty-four preparalytic cases treated with
immune serum, forty-four patients remained free from paralysis, and
of the remaining ten, five made a complete recovery. Of ten patients
treated with normal serum, nine remained free from paralysis and one
died. Among the paralytic cases the mortality was high despite the
use of serum, which Zingher explains on the ground of the extreme
severity of these cases. There were forty-five deaths in a total of 119
patients treated.

Schwarz77 treated twenty-one patients with serum and a similar
number by the expectant plan. Of the former, nine recovered without
paralysis. Of the latter, seventeen recovered without paralysis.

Petty78 reports eleven patients treated by subdural administration
of immune serum. Striking results were not obtained.

77. Schwarz, H.: Arch. Pediat., 1916, 33, 859.
78. Petty, O. H.: New York Med. Jour., 1916, 104, 1190.
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In a series of patients treated by the Harvard Infantile Paralysis
Commission, there was no evidence of paralysis in 69 per cent, of the
total number seen in the preparalytic stage. In a series of eighty-five
cases furnished them by Draper, in which no serum was used, 56 per
cent, developed no paralysis. The difference is not sufficiently striking
to warrant any definite conclusions.

Sophian79 was unable to note any greater advantages from the use

of immune serum than from normal horse serum.

Wells80 thinks that the best results are obtained by combined intra¬
venous and intraspinal injections. The intravenous route has the
advantage of the utilization of a much greater amount of serum, and,
according to Wells, is a logical procedure, because the peculiar dis¬
tribution of poliomyelitic lesions suggest a hematogenous infection.

Draper43 discusses the apparent discrepancies between statistical
proofs of the use of immune serum and the clinical impressions
received. On the basis of the analogy drawn by Draper between the
two "humps" of the clinical picture and the interception of the infect¬
ing virus by the spleen and meninges, the use of any serum, homolog¬
ous or otherwise, should theoretically await the onset of meningeal
symptoms. Since the clinical recognition of this onset is not always a

simple matter, the delay in the use of serum may mean the loss of
valuable time. Since Flexner and his associates have shown experi¬
mentally that the injection of serum intraspinally renders an animal
more susceptible to an injection of poliomyelitic virus, the entire pro¬
cedure may be a dangerous one. In the final decision, each case must
be considered by itself.

Amoss and Chesney consider the use of serum a procedure of
definite therapeutic value. When given under suitable conditions, its
administration is harmless. They recommend that it be used during
the first thirty hours of the disease, and advise the administration of
large doses, utilizing the intravenous and intraspinal routes. Accord¬
ing to their studies, the serum is more efficacious in preventing paral¬
ysis than in effecting its retrogression.

Flexner and Amoss81 present an interesting study explaining the
alleged beneficial results derived from the intraspinal injection of nor¬

mal serum in poliomyelitis. They demonstrate that the injection of
any serum increases the permeability of the meninges. This would
allow the passage of any neutralizing principles from the blood to the
cerebrospinal fluid. Since in the very early stages of the disease,
immunity principles do not exist in detectable amounts in the blood,

79. Sophian, A.: Jour. Am. Med. Assn., 1916, 67, 427.
80. Wells, C. W.: Jour. Am. Med. Assn., 1916, 67, 1211.
81. Flexner, S., and Amoss, H. L.: Jour. Exper. Med., 1917, 25, 499.
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the rationale of the use of normal serum comes into question. On the
same basis the use of immune serum is an obviously rational procedure,
and may prove curative.

Rueck82 reports three cases of poliomyelitis treated successfully by
transfusion of the citrated normal blood of adults.

Duncan83 reports the use of the patient's own spinal fluid for intra¬
muscular injection. He removed 10 c.c. by lumbar puncture and
injected 1 c.c, and later 0.5 c.c. more, intramuscularly. The patient
recovered.

Meltzer84 objects to the method as irrational and dangerous.
Ager85 replies to Meltzer's criticism. He says that in the use of

the method as supervised by him, 60 to 70 c.c. of spinal fluid were

removed and only 0.5 to 3 c.c. reinjected. There were no bad results.
Some were strikingly improved. Ager, however, is skeptical about its
ultimate value or that of any present method of treatment. He believes
that the only method of value will be the production of a concentrated
serum from an immunized lower animal.

Neustaedter and Banzhaf86 report some neutralization experiments
obtained by the use of an antipoliomyelitis horse serum. Since previous
investigators had not been successful, he attempted to immunize horses
by injections of the filtrates of brain and cord (from human polio¬
myelitic sources) which had previously been incubated with a proteo-
lytic ferment. This was- done in order to obtain a possible endotoxin.
The neutralization experiments were positive without exception.

Nuzum87 reports the production of a poliomyelitic antiserum. He
immunized sheep by successive injections of the organisms he previ¬
ously described as the causative agent in the disease. The antiserum
prepared contained agglutinins, opsonins and complement fixation
bodies as well as antibactericidal properties. Its therapeutic possi¬
bilities have not been ascertained.

Mathers and Tunnicliff88 report the occurrence of specific opsonin
in the blood of convalescent poliomyelitis patients. In conjunction with
Dr. Katherine Howell, Tunnicliff has found that "the serum of
rabbits immunized against different strains of poliomyelitic cocci con¬
tains antibodies in high concentration, which are apparently specific
for the poliomyelitic organisms."

82. Rueck, G. A.: Med. Rec., New York, 1916, 90, 587.
83. Duncan, C. H.: New York Med. Jour., 1916, 104, 342.
84. Meltzer, S. J.: New York Med. Jour., 1916, 104, 477.
85. Ager, L. C.: New York Med. Jour., 1916, 104, 573.
86. Neustaedter, M., and Banzhaf, E. J.: Jour. Am. Med. Assn., 1917, 68, 1351.
87. Nuzum, J. W.: Jour. Am. Med. Assn., 1917, 68, 24.
88. Mathers, G., and Tunnicliff, R.: Jour. Am. Med. Assn., 1916, 67, 1935.
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Meltzer89 offers an interesting discussion on the treatment of polio¬
myelitis by the intraspinal injection of epinephrin chlorid and the
maintenance of artificial respiration by intrapharyngeal insufflation.
Meltzer quotes Peabody, Draper and Dochez as declaring that, "it is
often extremely difficult to reconcile the clinical symptoms which are

referable to pontine lesions with the actual necropsy findings." Such
symptoms, Meltzer assumes, may be due to local edemas which dis¬
appear as soon as the circulation stops. Since epinephrin exerts a

favorable influence on local edemas, its use in poliomyelitis suggested
itself. Meltzer offers the further hypothesis that epinephrin may be
specifically antagonistic to the virus of poliomyelitis. The Rockefeller
workers have shown that the abdominal sympathetic ganglia exhibit
the mildest lesions in experimental infections of poliomyelitis. This
suggests the possibility that the nerve tissues are antagonistic to the
virus. The adrenal, being one of the chromaffin tissues, may exert a

similar influence. He describes the technic of its administration.
Two c.c. of a 1 to 1,000 epinephrin solution should be injected intra-
spinally every four to six hours. "Before the first injection is given,
a fairly large quantity of spinal fluid should be withdrawn, the quantity
being in proportion to the pressure prevailing in the spinal canal. The
subsequent injections should be made without regard to the presence
or absence of spinal fluid." The injection is given with 2 c.c. of nor¬

mal salt solution. If no spinal fluid is present, the epinephrin should
be washed in with at least 5 or 6 c.c. of salt solution. "In cases in
which the encephalitic symptoms are predominant, it should be used in
inverse proportion to the exciting effect which the injections may pro¬
duce." The injections should be continued for four or five days after
all paralysis has disappeared, "or at least until no further reduction in
the extent of the paralysis has taken place." Meltzer also advises the
administration of oxygen. Absorbed by the blood, and combined with
the lipoids of the nervous tissue, it may form an unfavorable environ¬
ment for the anaerobic poliomyelitic organism.

Lewis,90 Haas91 and others report favorable results by the use of
epinephrin chlorid intraspinally.

Hoyne and Cepelka64 say that "some patients showed marked
improvement in from one-half to one hour following the epinephrin
injection." On several occasions a patient with a totally paralyzed arm

would make a voluntary movement of the arm within an hour after
receiving the epinephrin. Such marked improvement, however, was

89. Meltzer, S. J.: New York Med. Jour., 1916, 104, 337.
90. Lewis, P. M.: Med. Rec., New York, 1916, 90, 540.
91. Haas, S. V.: Med. Rec.,New York, 1916, 90, 425.
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seldom permanent, but gradual improvement in some cases seemed tc
be more rapid."

Bass92 describes the symptomatic treatment of poliomyelitis. Com¬
plete rest of the patient is essential, even if plaster-of-Paris must be
used to immobilize. Pain and hyperesthesia are further treated by
bromids and opiates. Acetyl salicylic acid may also be used. Local
applications of heat are beneficial, though warm baths should not be
resorted to, since they occasion unnecessary movements by the patients.
The prevention of improper attitudes on the part of the extremities
must be carefully watched. Sandbags, adhesive plaster and frames for
the bedclothes may be used as preventives.

Charlton Wallace93 divides the orthopedic treatment into three
stages. These are (a) the acute stage, (b) the stage of apparent paral¬
ysis, (c) the stage of convalescence. The orthopedic treatment during
the first stage is generally aimed at the relief of pain. This is accom¬

plished by absolute rest and immobilization in plaster-of-Paris dress¬
ings, supplemented by careful, judicious nursing. Prolonged bed treat¬
ment is important in the second stage, lasting two or three months.
Daily sponging with alcohol, and skin rubbing to avoid decubitus
should not be forgotten. In the bulbospinal type, the patient should
be placed on a mattress resting on a fracture board. All movements
should be restricted, especially any attempt to sit up. Plaster-of-Paris
bandages are indicated to prevent contractures of the feet. The stage
of convalescence extends from the beginning of the ambulatory period
to the end of the first year. During this time every effort should be
made to maintain muscle balance and stimulate the paralyzed muscles.
Daily massage and manipulation of the active muscles should be per¬
formed. Overbracing is preferable in the early months, after which it
is gradually diminished. Electrotherapeutics may be of some value
during the first year.

Lovett94 and many other orthopedists warn against overfatigue.
Lovett states that the convalescent patient is allowed up under super¬
vision after two to three months. "Braces bear about the same rela¬
tion to the treatment of poliomyelitis that crutches do to the treatment
of fracture of the leg." If the patient cannot walk without braces, or
if in walking, unnatural attitudes are assumed, some form of mechani¬
cally sound, light and properly fitted apparatus is advisable. Massage
should not be overdone. Lovett emphasizes the importance of muscle
training. This consists in having the patient execute special move¬

ments, and at the time of the effort, assisting him manually. By such

92. Bass, M. H.: Arch. Pediat., 1916, 33, 611.
93. Wallace, Charlton: Arch. Pediat., 1916, 33, 599.
94. Lovett, R. W.: Med. Rec., New York, 1916, 90, 705.
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practices, Lovett believes that new paths will be created to carry motion
impulses and thus "reconnect a cerebral impulse with a peripheral
muscular contraction." Even in the very chronic cases, muscle train¬
ing is beneficial. Operative treatment should not be considered for
two years.

Whitman95 notes that muscle training is difficult of application in
young children. He urges the better equipment and centralization of
the clinics that deal with the after-treatment of poliomyelitis.

Ashley96 says that muscle training should be in skilled hands. He
considers massage very useful if not overdone. Parents may be
instructed how to give it. "Electricity," according to Ashley, "is a

good placebo when administered with a weak current. Its best and
legitimate use will be to bring the patient for frequent regular exam¬

ination, once in seven to ten days, in order that the physician may keep
the child under observation and combat early any tendency to

deformity."
Sayre69 advises the use of strychnin during the convalescent stage.

Local application of heat is also beneficial. Sayre notes that in regard
to the use of electricity, the pendulum has swung from enthusiastic
advocacy to absolute skepticism.

Frauenthal97 is enthusiastic about the value of electricity. He
begins its use when paralysis first appears. The high frequency cur¬

rent may be used along the spine for ten minutes every three hours
for three days, during the acute stage. In the treatment of the paral¬
ysis, Frauenthal thinks that electricity maintains the tone and func¬
tion of the muscles. "The least possible amount that will produce a

contraction should be used." The slow wave sinusoidal current is the
most perfect current to use, since it is best borne by young children.
He applies sponge electrodes at the origin and insertion of the muscle
needing stimulation. Frauenthal also advises light massage and baths
while the patient is in quarantine.

Orthopedists generally emphasize the importance of rest and abso¬
lute quiet during the first two or three months, and the institution of
orthopedic measures only to prevent deformity. During the second
period (after the third or fourth month) they uniformly advise the
use of light massage and muscle training, warning against carrying
such measures to the point of fatigue. The value of electricity is con¬

sidered very much overestimated. As a general thing, no operative
measures are advisable during the first two years, but braces and splints

95. Whitman, R.: Med. Rec., New York, 1916, 90, 1062.
96. Ashley, D. D.: New York Med. Jour., 1916, 104, 725.
97. Frauenthal, Henry W.: New York Med. Jour., 1916, 104, 1042; ibid., 1917,

105, 247.
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properly applied may prove useful.r8 Such measures to be successful
must be constantly supervised.

Geyser99 recommends electrotherapy, using it, not to cause contrac¬
tions, but as a method of applying heat to affected muscles. When the
functional response is slow, he advises the use of the sinusoidal cur¬
rent, and later the faradic current and muscle training.

Gaenslen100 discusses the management of the stationary or paralytic
stage. Treatment must be directed toward the maintenance of an

equally distributed muscular balance. The factors which influence
this balance cannot be controlled by massage and electricity alone.
Gaenslen pleads for a careful study of these cases. Bad results are

frequently due to neglect and to lack of cooperation on the part of
parents.

Ryerson101 discusses which patients can be improved by apparatus
and which by operation. He censures the use of braces and repeated
tenotomies in numerous cases in which muscles are paralyzed, result¬
ing in an aggravated condition.

Gallie102 describes the technic and reports good results with the
operation of tendon fixation in deformities allowing poliomyelitis.

Sharpe103 offers a preliminary report on a method for the restora¬
tion of function to paralyzed muscles. This he attempts by the "intra-
dural anastomosis of a nerve root whose motor cells are active to a

paralyzed nerve root." He selects active nerves whose function can be
dispensed with. The duration since operation in three cases reported
is not sufficiently long to speak of results.

Various operative measures for the correction of deformities fol¬
lowing poliomyelitis are discussed by orthopedic surgeons.104

Bardine105 and Wright106 make earnest pleas for proper team work
of hospitals and social agencies in the after-care of infantile paralysis.

The problem is as much a social one as it is orthopedic.
410 Goldsmith Building.
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